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ABSTRACT 


This  report  presents  the  results  of  a  research  program  to 
develop  a  procedure  for  calculating  propulsion  system  in¬ 
stallation  losses.  These  losses  include  inlet  and  nozzle 
internal  losses  and  external  drag  losses  for  a  v-zide  variety 
of  subsonic  and  supersonic  aircraft  configurations  up  to 
-Mach  4.5.  The  calculation  procedure,  which  vzas  largely 
developed  from  existing  engineering  procedures  and  experi¬ 
mental  data,  is  suitable  for  preliminary  studies  of 
advanced  aircraft  configurations.  Engineering  descriptions, 
equations,  and  flow  charts  are  provided  to  help  in  adapting 
the  calculation  procedures  to  digital  computer  routines. 

Many  of  the  calculation  procedures  have  already  been  programmed 
on  the  CDC  6600  computer.  Program  listings  and  flow  charts 
are  provided  for  the  calculation  procedures  that  have  been 
programmed.  The  work  accomplished  during  the  program  is  con¬ 
tained  in  four  separate  volumes.  Volume  I  contains  an 
engineering  description  of  the  calculation  procedures. 

Volume  II  is  a  programmer's  manual  containing  flow  charts, 
listings,  and  subroutine  descriptions.  Volume  III  contains 
sample  calculations  and  sample  input  data.  Volume  IV  con¬ 
tains  bookkeeping  definitions  and  data  correlations. 
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SECTION  I 

INTRODUCTION 


This  document  presents  the  results  from  the  application  of 
PITAP  procedure  to  two  typical  aircraft  configurations.  The 
two  configurations  used,  are  the  Lightweight  Fighter  (Figure  1) 
and  the  F-4J  (Figure  2) .  The  Lightweight  Fighter  (LWF)  in 
the  example  is  a  study  configuration  used  by  the  Boeing  Company 
during  proposal  competition,  for  which  extensive  analysis  and 
wind  tunnel  test  data  are  available  for  comparison  with  pre¬ 
dicted  results.  The  F-4J  is  also  a  configuration  that  has 
been  extensively  tested  during  the  Exhaust  System  Interaction 
Program  (Contract  F33615-70-C-1449) .  Data  from  these  tests 
are  used  to  compare  with  PITAP  predicted  results. 

The  main  part  of  the  PITAP  calculation  procedure,  which  is 
designated  as  Program  TEM  333,  has  already  been  programmed 
and  is  operational  on  the  Air  Force  computer.  This  program 
requires  as  input  data: 

1)  the  engine  performance  characteristics  in  the  form  of 
tabulated  data, 

2)  flight  conditions  in  the  form  of  altitude,  Mach  number, 
and  power  setting, 

3)  geometric  constants  describing  the  inlet  and  nozzle/after¬ 
body, 

4)  tabulated  data  representing  the  performance  characteristics 
of  the  inlet  and  the  nozzle/afterbody  reference  drag 

The  first  three  of  the  above  inputs  are  readily  available  for 
most  cases.  The  fourth  input,  the  inlet  performance 
characteristics,  must  be  generated  using  calculation  procedures 
described  in  Volume  I:  Engineers  Manual,  use  of  test  data 
or  other  analysis  methods.  The  calculation  procedures  have 
not  yet  been  programmed  for  automatic  computation,  so  the 
discussion  in  this  document  is  concerned  primarily  with  the 
procedures  used  to  predict  the  inlet  performance  characteristics 
used  as  input  for  the  TEM  333  program.  From  this  point  on, 
all  that  remains  to  be  done  is  prepare  the  input  data,  submit 
the  program,  and  plot  up  the  output  results. 


Figure 


Installed  propulsion  system  performance  data  have  been 
calculated  for  both  the  LWF  and  the  F-4J  sample  cases. 
Only  the  input  and  output  data  frpm.  the  computer  ruii  for 
the  P-4J  is  presented  in  this  document  however,  to  avoid 
making  the  document  classified. 


I  »l^ . 


- 1  ir  u— -ir-j _ _ _  -  - . y  n,  -  -, 


SECTION  II 

LIGHTWEIGHT  FIGHTER  SAMPLE  CASE 


2.1  CONFIGURATION 

The  general  arrahement  of  the  LWF  configuration  is  shown  in 
Figure  1.  It  is  a  single-engine  aircraft  with  an  under¬ 
fuselage  mounted  inlet.  The  inlet  is  a  two-dimensional,  fixed 
geometry  design  with  throat  slot  bleed.  No  bypass  system  is 
used.  An  advanced  turbofan  engine  is  used  which  has  a 
variable  geometry  convergent-divergent  exhaust  nozz3c. 

2.1.1  Inlet 


The  geometric  details  of  the  inlet  are  shown  in  Figure  3.  The 
critical  areas  required  for  analysis  of  the  inlet  performance 
characteristics  are  shown  in  Figure  3,  These  areas  would 
normally  be  obtained  from  preliminary  design  drawings  of  the 
configuration  or,  if  not  available,  reasonable  engineering 
assumptions  can  be  made* 

The  internal  lines  of  the  subsonic  diffuser  are  shown  in 
Figure  4,  and  the  diffuser  area  variation  is  shown  in  Figure  5. 

2.1.2  Nozzle/Afterbody 

The  nozzle/afterbody  external  geometry  is  shown  in  Figure  6. 
This  drawing  provides  the  dimensional  data  required  to  predict 
nozzle/afterbody  drag.  The  full  open  nozzle  position  is 
used  in  calculating  nozzle/afterbody  reference  drag. 

2.2  PREDICTED  PERFORMANCE  CHARACTERISTICS 


2.2.1  Inlet 

The  inlet  performance  characteristics  which  must  be  predicted 
to  use  as  input  to  TEM  333  (existing  program)  include  total 
pressure  recovery,  boundary  layer  bleed  air  drag,  and  spillage 
drag.  No  bypass  system  is  used,  therefore,  bypass  drag  is  not 
predicted. 

The  LWF  is  designed  to  fly  at  speeds  up  to  Mach  1.60,  but  the 
leading  edge  of  the  fixed  7  degree  ramp  has  been  positioned 
to  keep  oblique  shocks  out  of  the  inlet  up  to  Mach  2.0.  The 
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Figure  3:  TWO-DIMENSIONA L  INLET  DETA ILS 
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following  flight  conditions  were. selected  for  use  in  the 
analysis  procedure: 

=  0,  0.2,  0.6,  0.8,  1.2,  and  1.60. 

The  low-speed  pressure  recovery  for  the  M-  =  0  and  0.20 
points  is  estimated  using  the  procedure  in  Section  IV, 
Vol.  I,  beginning  on  page  2'5'.  The  calculation  proceeds 
as  follows: 

The  following  input  quantities  are  obtained  from  known 
geometric  data,  engine  data,  and  data  correlations  (Vol. 
IV)  , 


.01  Geometric  data 

from  Figure  3 


Geometric  data 
from  Figure  3 

Specified 

Geometric  data 
from  Figure  3 

Assumed 

Subsonic  diffuser 
loss  coefficient 
for  subsonic  flow. 
Average  value  from 
Figures  24  &  25, 
Vol.  IV. 


Engine  Airflow 
for  Mq=0,  0.20 

The  above  geometric  and  aerodynamic  quantities  are  used  as 
input  to  the  low-speed  calculation  procedure  documented  in 
Vol.  I,  pages  33-41.  This  procedure  has  now  been  programmed 
as  a  separate  subroutine,  which  is  contained  in  Volume  II, 
Programmers  Manual.  The  results  of  the  machine  calculation 
are  as  follows: 


■  f. 


■,T, 


wVT" 


0  0.8137  MAX 

0.20  0.8937  MAX 


Low-speed  total  pressure  recovery  can  also  be  estimated  from 
the  correlation  curve  of  Figure  20/  page  33,  Volume  IV,  The 
recovery  values  obtained  using  this  correlation  are  nearly 
identical  to  the  above  values. 


The  transonic  pressure  recovery  (M^=  0.6,  0.8,  1.2)  is 
calculated  from  the  subsonic  diffuser  loss  coefficient  and 
calculated  throat  entrance  Mach  number  as  a  function  of 
inlet  airflow.  Since  throat  Mach  number  is  a  function  of 
engine  airflow  and  engine  airflow  is  a  function  of  diffuser 
recovery,  which  depends  on  determine  the  transonic  pressure 
recovery.  This  procedure  is  illustrated  in  the  flow  chart 
of  Figure  16,  of  Volume  I.  Using  this  procedure,  the  following 
total  pressure  recoveries  were  calculated  for  the  transonic 


oo 

ts'  ' 

oo 

0.6 

0.965 

oo 

• 

o 

0.965 

1.20 

0.962 

The  supersonic  inlet  total  pressure  recovery  through  the 
shock  system  at  the  engine-matched  condition  is  normally 
obtained  from  the  charts  of  Figure  17,  Volume  I.  To  these 
shock  losses  are  added  the  total  pressure  recovery  losses 
due  to  the  subsonic  diffuser.  The  resulting  total  pressure 
is  the  normal  recovery  at  the  match  point  as  a  function  of 
free-stream  Mach  number.  For  the  LWF  inlet,  a  two-shock 
supersonic  diffuser  design,  the  match  point  shock  recoveries 
are  obtained  from  Figure  17,  Volume  I  for  N=2.  Next,  the 
subsonic  diffuser  total  pressure  losses,  calculated  using 
a  duct  loss  coefficient,  e  =  .12  (from  Figure  24  of  Volume  IV) 
and  an  assumed  throat  Mach  number  of  .75,  are  added  to  the 
shock  losses  to  obtain  the  design  point  total  pressure 
recovery  as  a  function  of  Mach  number.  The  calculated 


quantities  are  sununarized  in  the  following  table: 


(Fig.  17, 
Vol.  I) 

(Fig  7) 

(Fig.  15 
Vol.  I) 

'  / 

^co 

^T 

NS 

^T 

"^2 

^t 

2 

^T 

0 

Prp 

CO 

Pt 

^1 

P,. 

W) 

1.0 

1.0 

1.0 

0.9625 

0.9625 

1.2 

0.99 

1.0 

0.9625 

0.952 

1.4 

0.982  ‘ 

1.0 

0.9625 

0.94  5 

1.6 

0.968 

1.0 

0.9625 

0.91 

The  above  recovery  values  can  be  used  for  most:  proliminnry 
design  studies  where  performance  is  reguired  at  design  point 
conditions  over  a  range  of  flight  Mach  numbers.  To  fit 
the  format  of  the  TEM  333  program  however,  it  is  necessary 
to  specify  recovery  as  a  function  of  engine-plus-bypass 
mass  flow  ratio,  Aq/A^.  This  can  be  accomplished  by  using 
the  design  point  recovery  values  calculated  above  as  constants 
which  do  not  chancfe  with  mass-flow  ratio  below  the  design 
point  and  which  drop  straight  down  form  the  design  match 
point.  This  results  in  a  series  of  recovery  vs.  mass  flow 
ratio  plots  which  are  different  from  the  actual  variations 
as  shown  by  the  following  sketch: 


Approxinwtion 


The  above  method  does  not  result  in  large  errors  for  engine 
match  lines  are  near  the  match  point.  However,  it  can  result 
in  predictions  of  recovery  that  are  slightly  low  for  off-dosign 


airflow,  demands.  To  demonstrate  the  use  of  an  aiternate 
recovery  predicting  method  that  can  be  used  to  improve  on 
the  recovery  variations  at  off-design .mass  flow  ratios,  an 
existing  computer  program  (Reference  1) ,  available  to  industry, 
was  used  for  the  LWP  sample  case, as  an  aid,  in  calculating 
off-design  recoveries.  This,  computer  program,  which  was 
originally  desighed  to  calculate^ theor.e.tical,  additive  drag, 
also  calculates  the  inviscid  total  pressure  recovery  through 
two-shock  inlet  systems.  The  program  .also  calculates  the 
mass  flow  spilled  over  sideplates  of  various  amounts  of  . 
cutback.  The  existing  version  of  the  .program,  however,  does 
not  take  into  account  the  effect  of  the  spilled  mass  flow 
oh  the  strength  of  the  normal  shock,  it  is  necessary, 
therefore,  to  make  an  adjustment  to  the  machine  computed 
values  of  inlet  lip  total  pressure  recovery  to  account  for 
bhis  effect.  This  approach  was  used  for  the  LWF  sample 
case.  It  was  assumed  that  the  airflow  spilled  over  the 
sideplates  resulted  in  a  directly  proportional  increase  in 
A/A*  of  the  supersonic  flow  ahead  of  the  normal  shock.  The 
new  Mach  number  corresponding  to  this  A/A*  was  used  to  obtain 
the  normal  shock  total  pressure  recovery.  The  inlet  lip 
Mach  nxmbers  from  the  program  (at  a  function  of  mass  flow 
ratio,  Aq  /a^)  were  then  used  with  a  subsonic  diffuser  loss 

coefficient  of  0,12  to  obtain  overall  total  pressure  recovery, 
Pj  /P^  ,  as  a  function  of  inlet  mass  flow  ratio.  Using  the 
2  0 

above  described  methods  the  plotted  data  shown  in  Figure  8 
were  obtained  for  Mach  numbers  1.20  and  1,60.  The  subsonic 
values  for  M-  =  0,60  and  0,80  obtained  from  the  previously 
described  calculation  program  are  ali,o  shown  in  the  same 
plot  for  the  sake  of 'completeness.  Various  engine  airflow 
demand  match  lines  are  also  shown  in  Figure  8  to  indicate 
where  the  inlet/engine  combination  will  actually  operate. 

The  matched  recovery  and  mass  flow  as  a  function  of  local 
inlet  Mach  number  are  shown  in  Figures  9  and  10  respectively. 
Approximate  inlet  buzz  and  stall  limits  are  input  into  the 
TEM  333  program  to  give  indications  of  those  operating 
points  where  inlet/engine  compatibility  problems  may  be 
likely  to  occur.  These  are  not  required  to  obtain  performance 
data,  and  the  calculations  will  not  be  stopped  if  one  of  the 
limits  is  exceeded,  however,  they  do  serve  to  point  out 
possible  problem  areas.  The  buzz  and  stall  limits  shown  in 
Figures  11  and  12  respectively,  were  obtained  from  trends  in 
experimental  data.  If  reliable  buzz  and  stall  limits  cannot 
be  obtained,  the  best  available  estimate  should  be  made,  by 
selecting  appropriate  points  from  the  recovery  vs.  mass  flow 
ratio  plots  of  Figure  8, 


’Ef{Yy/SMASSFLOV\l 


The  first  step  in  calculating  the  inlet  drag  is  to  establish 
an  appropriate  baseline  iinass  flow  ratio  for  use  in  bookkeeping 
aerp  and  propulsion  f'^fces  on  the  airplane.  For  subsonic 
Mach  numbers,  the  baseline  mass  flow  ratio  is  chosen  as 


""01 

^Ref 


For  supersonic  Mach  numbers,  the  baseline 

mass  flow  ratio  is  chosen  as  U — )r,A-F  “  each  Mach 

number.  ^ 


The  maximum  supersonic  operating  mass  flow  ratios  for  the  LWF 
were  obtained  by  use  of  the  previously  described  computer 
program  of  Reference  1.  The  resulting  baseline  mass  flow 
as  a  function  of  free-stream  Mach  number  is  shown  in  Figure  l3. 

The  spillage  drag  calculation  for  the  LWF  was  initiated  by 
using  the  additive  drag  program  of  Reference  1  to  calculate 
theoretical  additive  drag  as  a  function  of  free-stream  Mach 
number  and  inlet  mass  flow  ratio.  After  the  calculated 
additive  drag  was  obtained,  two  adjustments  were  made: 

1)  The  additive  drags  were  adjusted  so  that  the  additive 
drag  was  zero  at  the  baseline  mass  flow  ratio  condition. 
This  resulted  in  plots  of  AC,,  vs.  A_  /Ap. 

ADD  ^ 

2)  Next,  the  AC,,  values  were  multiplied  by  factors 

^ADD 

to  correct  the  theoretical  additive  drags  for  configur¬ 
ation  effects.  These  factors  (Figure  14)  were 

obtained  from  the  data  of  Volume  IV.  Due  to  the  limited 
amount  of  data  on  factors  it  was  necessary  to  do  a 

considerable  amount  of  interpolation,  extrapolation, 
and  smoothing  to  obtain  the  factors  shown  in 

Figure  14. 

The  final  spillage  drag  data  are  presented  in  Figure  15. 

The  boundary  layer  bleed  drag  was  calculated  using  the  bleed 
airflow  shown  in  Figure  16  and  the  bleed  airflow  total 
pressure  recovery  shown  in  Figure  17.  These  data  were 
obtained  from  Volume  IV,  Section  IV,  "Data  for  Specific 
Configurations . " 

The  final  calculated  boundary  layer  bleed  drag  is  presented 
in  Figure  18.  The  final  bleed  drag  is  presented  as  a  single 
curve  of  C_  vs.  A  .  because  there  was  little  variation 

^BLC  ■  BLC 


20 


Figure  14:  K^qq  FACTORS  FOR  L  WF 

SPILLAGE  DRAG  PREDICTION 


in  the  drag  as  a  function  of  Mach  number.  Also,  since  the 
exact  geometry  and  location  of  the  boundary  layer  bleed 
exit  was  not  know,  the  momentum  drag  of  the  boundary  layer 
bleed  air  was  increased  by  a  factor  of  1.25  to  account  for 
flap  drag  of  the  exit  doors.  This  drag  would  normally  be 
computed  by  the  procedure  detailed  in  Section  iv  of  Volume  I, 
if  exit  geometry  were  specified. 


The  drag  increases  to  a  maximum  as  bleed  airflow  is  increased, 
then  starts  to  decrease  again.  This  is  due  to  the  fact 
that  variations  in  bleed  airflow  are  produced  by  variations 
in  shock  position.  As  shock  position  goes  more  supercritical, 
plenum  pressure  drops  along  with  airflow.  Conversely,  as 
the  shock  goes  more  subcritical,  the  airflow  goes  up  and  so 
does  the  pressure  recovery  of  the  bleed  air.  These  effects 


tend  to  flatten  out  the  C, 
Figure  18. 


D 


vs.  A-  curves,  as  shown  in 
BLC  '^BLC 


2,2,2  No2  2 le/Af  terbody 

The  calculation  procedures  for  computing  no22le/afterbody 
drag  are  computeri2ed  in  the  TEM  333  program;  therefore, 
the  sample  calculations  consisted  of  preparing  the  input 
data  for  the  n622le/afterbody  portion  of  the  calculation 
procedure  and  submitting  the  job  to  the  computer.  These 
input  data  consist  of  geometric  constants  specifying  no22le 
maximum  diameter,  no22le  boattail  length,  L,  no22le“ 

torno22le  spacing,  S,  and  no22le/afterb6dy  reference 

drag  as  a  function  of  Mach  number  for  the  reference  geometry 
and  the  reference  noz2le  pressure  ratio.  The  following 
table  summari2es  the  LWP  geometrical  constants  used  by 
the  noz2le/af terbody  calculation  procedure  in  the  program; 

GEOMETRICAL  VALUE 

CONSTANT 


No22le 
Spacing,  S 

No2zle  Maximum 
Diameter, 


Boattail 
Length,  L 


(Single 
0  Engine) 

51  in. 

50  in. 


The  above  constants  are  used,  together  with  the  nozzle 
pressure  ratio  (obtained  internally  by  the  computer  program 
from  the  tabulated  engine  performance  input  data) ,  to  obtain 
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boattail  drag  from  the  curves  of  Figures  19  and  20 i 

It  is  also  necessary  to  specify  as  part  of  the  input  data  for 
nozzle/afterbody  drag  calculation,  the  variation  of  nozzle/ 
afterbody  reference  drag  as  a  function  of  free-stream  Mach 
number.  This  reference  drag  is  obtained  from  Figures  19 
and  20  using  the  reference  nozzle/afterbody  geometry  shown 
in  Figure  6.  The  reference  nozzle/aftefbody  boattail  angle 
is  4  degrees  (full  open  nozzle  position).  For  this  boattail 
angle,  the  subsonic  reference  drag  is  obtained  from  Figure  19 
as  a  function  of  frea-stream  Mach  number.  The  supersonic 
boattail  reference  drag  is  calculated  from  the  equation 
shown  in  Figure  19.  Since  the  reference  boattail  angle  is 
only  4  degrees,  no  pressure  ratio  correction  form  Figure  20 
is  required.  The  final  predicted  reference  drag  for  the 
nozzle/afterbody  is  shown  in  Figure  21. 

2.3  COMPARISON  OF  PREDICTED  AND'  TEST  DATA 

The  calculated  data  have  been  comparedwith  test  results 
obtained  from  a  series  of  aero  and  propulsion  tests  to 
determine  their  accuracy  in  predicting  bhe  actual  inlet 
recovery  and  spillage  drag  and  nozzle/afterbody  drag. 

The  results  of  the  inlet  total  pressure  recovery  comparison 
are  shown  in  Figure  22.  Good  agreement  is  obtained  between 
predicted  recovery  and  measured  recovery  throughout  the 
flight  Mach  number  range. 

A  comparison  of  predicted  and  measured  inlet  spillage 
dracs  is  presented  in  Figure  23.  Agreement  between  predicted 
and  measured  drag  is  generally  fair  for  most  Mach  numbers, 
and  is  probably  adequate  for  preliminary  studies,  however, 
the  limited  amount  of  data  available,  and  the  scatter  in 
the  data,  from  which  to  select  the  factor,  made  it 

necessary  to  spend  considerable  time^^in  arriving  at  a 
suitable  set  of  factors  to  use..  This  situation  could 

be  considerably  improved  by  the  systematic  gathering  and 
analyzing  of  an  extensive  body  of  drag  data  over  a  wide  range 
of  configurations. 

The  results  of  nozzle/afterbody  drag  predictions  for  a 
20  degree  boattail  angle  nozzle  are  compared  with  measured 
delta  over  a  Mach  number  range  from  0.40  to  1.60  in  Figure 
24.  The  predicted  drags  are  somewhat  low  subsonically  and 
slightly  high  supersonically.  Figure  25  presents  results 
comparing  measured  and  predicted  subsonic  nozzle  drags  as 
a  function  of  nozzle  pressure  ratio  for  a  20  degree  boattail 
angle  nozzle. 
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Figure  19:  NOZZLE  BOA  TTA1L  PRESSURE  DRAG  COEFFICIENTS  AS  f  W) 


3 


OataSourcei:  1.  NASATMX-1960 

2.  Boeing  Test  Data 

3.  Unpublithad  Boeing  SST  Data 


■  /j  =  0°  -  6° 


•>  12®  -  20° 


(3  =  6°-  12°- 


Nozzle  Prenure  Ratio.  Pt 

'8  ® 


Figure  20:  BOA  TTAIL  DRAG  CORRECTION 
FOR  NOZZLE  PRESSURE  RA  TIOS 
OTHER  THAN Pj/P^^ 2 5 


Data  from  Ref.  5 


Figure  23: 


COMPARISON  OF  PREDICTED  DA  TA  AND 
TEST  DATA  FOR  LWF  SPILLAGE  DRAG 


2.4  SUMMARY  OF  INPUT. DATA  FOR  LIGHTWEIGHT. TIGHTER  S7^PLJ^_Cj^ 

The  input  data  used  for  the  TEM  333  calculation  of  the  LWF 
sample  case  are  summarized  in  the  following  table: 


INLET  GEOMETRY 

FIGURE  3 

SUBSONIC  DIFFUSER 

FIGURE  4 

GEOMETRY 

nozzle/afterbody 

FIGURE  6 

GEOMETRY 

Mq  vs.  M^ 

FIGURE  7 

P  /P  VS.  Aq/A^ 

2  0 

FIGURE  8 

FIGURE  9 

2  0 

Aq/Ac  vs  .  Mg 

FIGURE  10 

(A  /Ag)  vs.  M 

FIGURE  11 

.«  -m  u 

LIMIT 


.n/Ap)  VS.  M.  figure  12 

^  ^  DIST. 

LIMIT 


AC„  vs.  Aq  /A^ 


D 


SPILL 


FIGURE  15 

FIGURE  16 


vs. 


‘^REF. 

NOZZLE 

ENGINE  PERFORMANCE 
TABULATED  DATA 


FIGURE  18 
FIGURE  21 


CLASSIFIED  (NOT 
INCLUDED  IN  THIS 
REPORT) 
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SECTION  III 


F-4J  SAMPLE  CASE 


3.1  CONFIGURATION 

3.1.1  Inlet 


The  general  configuration  of  the  F-4J  is  shown  in  Figure  2. 

The  inlets  are  side-mounted,  variable  geometry,  vertical 
ramp,  tvfo-dimensional,  with  boundary  layer  bleed  through  a 
porous  second  ramp  and  a  small  ‘throat  slot.  Figure  26 
shows  the  available  details  of  the  inlet  and  subsonic 
diffuser.  These  lines  were  taken  from  a  drawing  of  a 
wind  tunnel  model  used  during  tests  reported  in  Reference  2. 

The  sideplates  are  cut  back  completely  ahead  of  the  cowl 
lip.  The  initial  ramp  angle  is  fixed  at  10  degrees  and  the 
second  ramp  angle  varies  from  0  degree  relative  to  the  first 
ramp  angle  relationships  are  shown  in  Figure  27. 

The  inlet  geometry  used  for  the  analysis  of  the  F-4J  inlet 
performance  characteristics  is  shown  in  Figures  28  and  29. 

3.1.2  Nozzle/Afterbody 

The  nomenclature  used  for  the  nozzle  afterbody  drag  prediction 
is  shown  in  Figure  30.  Typical  nozzle  geometries  and  operating 
pressure  ratios  are  shown  in  Figure  31. 

The  nozzle/afterbody  geometric  parameters  (full  scale)  used 
in  the  prediction  method  are  summarized  in  the  following 
table: 

PARAMETER  VALUE 


Max 

Nozzle 

Diameter, 


D 


MAX 


Boattail 
Length,  L 

Nozzle 
Spacing,  S 


38.6  in. 

23.4  in. 

53.8  in. 


operating  Pressure  Ratio 
(J79-GE-10  Engine) 


OPERATING  CONDITIONS 


3 . 2  PREDICTED'  -PE^ORMANCE  CHA-RAGTEKISTlCS 


3.2.1  Inlet 

The  same  procedure  was  used  to  calculate  the.  F-4J  inlet 
performance  that  was  used  to  calculate  the  inlet  performance 
of  the  LWF  previously  discussed.  The  basic  geometries  of 
the  two  configurations  are  quite  similar,  except  for  the 
fact  that  the  F-4J  inlet  is  oriented  with  the  ramp  vertical 
instead  of  horizontal. 

The  same  K  factors  were  used  for  both  the  F-4J  and  the 
LWF.  These^  factors  are  shown  in  Figure  14.  The  F-4J 
inlet  geometry  was  used  in  the  additive  drag  program  (Reference 
1)  to  obtain  additive  drags.  These  were  then  adjusted  to 
the  correct  baseline  mass  flow  ratio,  and  multiplied  by  the 
Kadd  factors  to  obtain  the  final  spillage  drags  shown  in 

Figure  39. 

The  predicted  inlet  performance  characteristics  for  the 
F-4J  are  presented  in  Figures  32  through  41,  in  a  format 
that  is  compatible  with  the  TEM  333  program  input. 

3.2.2  Nozzle/Af terbody 

Just  as  in  the  case  of  the  LWF  hozzle/af terbody  drag  calculation, 
the  only  input  data  required  (in  addition  to  geometric  constants 
and  engine  performance  tabulated  data)  is  the  nozzle/afterbody 
reference  drag.  This  was  determined  from  the  data  in  Figure 
40,  41  and  45,  Volume  I.  The  resulting  reference  drag  is 
presented  in  Figure  42. 

3.3  COMPARISON  OF  PREDICTED  AND  TEST  DATA 

Most  of  the  F-4  experimental  data  which  are  available  for 
comparing  with  predicted  data  are  classified.  To  include 
these  data  in  this  report,  it  would  be  necessary  to  classify 
the  report,  which  would  limit  its  distribution. 

Since  the  primary  purpose  of  this  report  is  to  provide 
guidance  in  the  use  of  the  calculation  procedure,  it  was 
decided  not  to  include  classified  data,  so  the  renort 
could  have  the  widest  possible  distribution. 
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Figure  33:  TOTAL  PRESSURE  RECOVERY  VS  MASS  FLOW  RATIO 
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Figure  35:  MA  TCHED  INLET  MASS  FLOW  R A  TIO 


Figure  42:  REFERENCE  NOZZLE  DRAG  FOR  F-4J 


3.4  SUMMARY  OF  INPUT'  DATA  FOR  F~'4'J 

The  F-4J  data  used  for  input  to  the  TEM  333  program  to 
calculate  installed  propulsion  system  performance  are 
summarized  in  the  following  table: 


INLET  GEOMETRY 

FIGURE 

26, 

28, 

SUBSONIC 

DIFFUSER  GEOMETRY 

FIGURE 

26 

NOZZLE/AFTERBODY 

GEOMETRY 

FIGURE 

30, 

M.  VS.  M^ 

FIGURE 

32 

FIGURE 

33 

^T2^^To  ^0 

FIGURE 

34 

Aq/A^  vs.  Mq 

FIGURE 

35 

(A  /Ap)  VS.  Mq 

^  BUZZ  ^ 

LIMIT 

FIGURE 

36 

(A  /A  )  VS.  M 

^  ^  DIST. 

LIMIT 

FIGURE 

37 

(Aq  /A^)  vs.  Mq 

^  REF. 

FIGURE 

38 

ACp.  VS.  A^  /A^ 

^SPILL  ^I  ^ 

FIGURE 

39 

C  VS.  A  /A 

^ELC  °BLC 

FIGURE 

40 

A  /A  VS.  A  /A 

“blc  I 

FIGURE 

41 

Cn  «0 

FIGURE 

42 

REF. 

NOZZLE 

TABULATED  ENGINE  J79-GE-8 

PERFORMANCE  DATA 
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29 


31 
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3.5  SAMPLE  INPUT  AND'  OUTPUT  DATA  TOR  y-.4J 

This  section  contains  sample  input  and  output  data  taken 
directly  from  the  computer  program  printout  for  the  ■F-4J 
installed  performance  calculation.  It  is  included  to 
illustroce  the  format  of  the  input  and  output  data  and  to 
present  typical  results  of  a  calculation. 

OUTPUT 


Standard  printed  output  includes: 


1.  A  "card  image"  listing  of  all  input  cards. 

2.  Labeled  listing  of  all  input  fields  as  stored  in  the 
computer.  The  expanded  table  2A  is  output  as  is  the 
internally  c-^nerated  table  of  Machg  as  a  function  of 
Ag/Ag  for  7^. 

3.  Output  matrices  including  the  input  and  output  data  for 
each  of  one  to  ten  cases.  A  new  matrix  is  printed  when¬ 
ever  Mach  number  changes,  altitude  changes,  or  ten  points 
have  been  computed  at  the  current  Mach  and  altitude.  For 
each  case  the  following  are  printed, 

CASE  Sequential  case  number 

ALT  Pressure  altitude  -  input  ft, 

PS  Power  setting  -  input 

FNA  Installed  net  thrust  lb. 


WFT  RF 

SFCA 

FNRF 

FRAM 

RF 

MILRF 

DINLET 


Installed  fuel  flow  corrected  for 
recovery 

(WFT  RF)/(FNA) 

Input  thrust  corrected  for  recovery  lb. 

Ram  drag  lb , 

Recovery  factor 
Mil-Spec  recovery  factor 

Inlet  drag  lb. 


Coefficient  of  spillage  drag 


CDSPL 


CDBLD 


CDBYP 

CDINL 

DNOZ 

CDBT 

CD BASE 

DCINT 

DNOZ  REF 

P8/P0 

A9 

A8 

CFG 

BETA 

FN  INPUT 
WF  INPUT 
SFC  INPUT 
W  INPUT 
W  ABS 
FN/DELTA 
WF  COR 
S.^C  COR 
TAMB 

PAMB 

TTO 

Q 


Coefficient  of  bleed  drag 
Coefficient  of  bypass  drag 
Coefficient  of  inlet  drag 

Afterbody  drag  lb. 

Coefficient  of  bbattail  drag 
Coefficient  of  base  drag 
Coefficient  of  nozzle  interference  drag 


Reference  afterbody  drag  lb. 

Nozzle  pressure  ratio  -  input 

Nozzle  exit  area  -  input  sq.  in. 

Nozzle  throat  area  -  input  sq.  in. 

Nozzle  gross  thrust  coefficient 
,  Boattail  angle  degrees 

Net  thrust  -  input  lb. 

Fuel  flow  -  input  Ib/hr. 

(WF  INPUT) /(FN  INPUT) 

Corrected  airflow  -  input  Ib/sec. 

Absolute  airflow  Ib/sec, 

FNA/6amb  lb. 

WFT  RF/(  Gamb  6amb)  Ib/hr. 

(WF  COR) /(FN/DELTA 


Ambient  temperature 


o 


R 


Ambient  pressure 

Total  temperature  of  free-stream  o^ 

R 

Dynamic  pressure  Ib/sq.  ft. 
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a6e/AG  Engine  mass'  flow  ratio 

AOI/AC  Inlet  capture  mass  flow  ratio 

AO/AC  Inlet  mass’  flow  ratio 

STATUS  If  equal  to  -99.999  a  diagnostic  message 

was  written  for  this  point. 

4. '  Diagnostic  messages.  The  diagnostic  messages  are  all 

self-explanatory . 

5.  MARK  II  Output. 

If  the  code  oh  card  5.1,  field  1,  is  1.0  or  2.0  a  MARK  II 
engine  performance  deck  is -written  on  TAPE  7 .  The  format 
is  80  character  BCD,  "card  image."  The  MARK  II  deck 
can  then  be  copied  to  PUNCH  or  linked  to  a  following 
program. 

The  MARK  II  format  is  as  follows: 

1,  Title  (card  image  of  input  card  1.0) 

2.  Mach-alt  (card  image  of  input  card  5.2) 
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OAT^i  INPUT  CARD  IMAGES 


J79-6  F4  CONFIGURATION  HS/WS 


o  o 
•  I 
e  e 
o  o 


o  o 
o  o 


o  o 

I  I 


e  ea 

O  CJ» 

o  o 
o  o 
o  ca 


o  Q 
I  I 


o  o 
C3  ca 
a  o 
ca  o 
o  ca  . 


o  o 
I  • 


o  o 
o  o 
o  o 
o  o 
o  ca 
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